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The near horizon geometry of the rotating C-metric, describing accelerating Kerr–Newman black holes, 
is analysed. It is shown that, at extremality, even though it is not isomorphic to the extremal Kerr–
Newman, it remains a warped and twisted product of AdS2 × S2. Therefore the methods of the Kerr/CFT 
correspondence can successfully be applied to build a CFT dual model, whose entropy reproduces, 
through the Cardy formula, the Bekenstein–Hawking entropy of the accelerating black hole.
The mass of accelerating Kerr–Newman black hole, which fulﬁls the ﬁrst law of thermodynamics, is 
presented.
Further generalisation in presence of an external Melvin-like magnetic ﬁeld, used to regularise the conical 
singularity characteristic of the C-metrics, shows that the Kerr/CFT correspondence can be applied also 
for the accelerating and magnetised extremal black holes.
© 2016 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction
In the last years there have been a great development of near horizon techniques to study the black hole physics [1]. These methods 
are useful in the description of both macroscopic and microscopic properties of black holes in general relativity, especially at extremality. 
For instance the near horizon analysis was fundamental in the context of the Kerr/CFT correspondence [2–5]. While from a more classical 
point of view, the near horizon limit revealed also useful in determining the energy of magnetised black holes [10] and, through force-free 
electrodynamics, in modelling the Kerr black hole magnetosphere [6,7], its accretion disk and jet dynamics, or describing some radiative 
processes around extreme Kerr black holes [8], just to cite few relevant applications.
Here we will be mainly interested in the Kerr/CFT correspondence. It is based on the symmetries that emerge in the near horizon 
geometry, which usually are encoded in the U (1) × SL(2, R) group. Thanks to these symmetries it is possible to build a two dimensional 
conformal model dual to the gravitational one. From the features of the 2D CFT picture, some microscopical details of the black hole 
entropy can be extrapolated. In particular, through the Cardy formula it is possible to take into account the black hole microstates that 
generate their entropy.
Recently some generalisation of the Kerr/CFT correspondence have been discovered also for extremal black holes embedded in an 
external magnetic ﬁeld, such as the Reissner–Nordstrom and Kerr(–Newman) spacetimes immersed in the Melvin magnetic universe 
[11,12]. In that case the near horizon geometry at extremality remains the same of the Kerr–Newman black hole.
The scope of this article is to further extend the applicability of the Kerr/CFT methods and to study possible generalisations of the 
Kerr–Newman near horizon geometry in case of extremal accelerating black holes. In this context the extremality plays a fundamental 
role because, at that speciﬁc parametric point, the event horizon symmetries are enhanced. This will be analysed in sections 3 and 4. 
In particular we will focus on stationary and axisymmetric spacetimes. We will consider a subclass of the Demianski–Plebanski metrics 
[16,17], known as C-metric and their rotating generalisation, often called rotating C-metric [18].1 These metrics are suitable to generalise 
the Kerr/CFT correspondence because they contain the (A)dS–Kerr–Newman spacetime, as a sub-case. In fact the rotating C-metric repre-
sents an (A)dS–Kerr–Newman black hole accelerating by the pressure of a pulling string (or pushing strut) [19]. Some basic properties of 
these metrics will be examined in section 2. In subsection 2.1 we address a long standing open problem, that is the possibility of having 
a value for the mass of this accelerating Kerr–Newman spacetime compatible with standard laws black hole thermodynamics.
E-mail address:marco.astorino@gmail.com.
1 Rotating C-metrics admit also NUT charge, but in this work we will not consider it.http://dx.doi.org/10.1016/j.physletb.2016.07.019
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grounds, some speculations about the possibility of extending the correspondence with the conformal model also outside the extremal 
limit are presented in section 4.
Since the string, that provides the acceleration, is mathematically represented by a conical singularity, in section 5 we will conﬁrm the 
validity of the above results by regularising the nodal singularity of the C-metric. The regularisation can be achieved, in the realm of the 
same Einstein–Maxwell theory, introducing an external background magnetic ﬁeld that drives the black hole acceleration, in spite of the 
singular string. These kind of regularised metrics have been studied in the literature mainly in the context of pair creation of a black hole 
couple at expense of the external ﬁeld energy [32–35].
2. Accelerating Kerr–Newman black hole review
Consider the action for Einstein general relativity (without cosmological constant) coupled with standard Maxwell electromagnetism
S[gμν, Aμ] = − 1
16π
∫
M
d4x
√−g (R − Fμν Fμν) . (2.1)
Extremising it with respect to the metric and electromagnetic potential we get the following equations of motion for the metric and the 
gauge potential
Rμν − R
2
gμν = 2
(
Fμρ F
ρ
ν − 14 gμν Fρσ F
ρσ
)
, (2.2)
∂μ
(√−gFμν)= 0, (2.3)
where, as usual, the Faraday tensor is given in terms of the electromagnetic potential Aμ by Fμν = ∂μAν − ∂ν Aμ .
A well known solution of these equations (2.2)–(2.3) is given by the rotating C-metric [18], a subclass of the Plebanski–Demianski 
family [17]. It describes a (dyonically) charged and rotating black hole which is accelerating along the axis of symmetry under the action 
of a string-like (or strut-like) force [19]. In the limit of vanishing acceleration, A → 0, this spacetime exactly reduces to the standard 
Kerr–Newman (KN) black hole. It is convenient to parametrise the accelerating metric in the following form
ds2 = 1
(1+ r˜xA)2
{
G(r˜)
r˜2 + a2x2
[
dt˜ + a(1− x2)ϕdϕ˜
]2 − r˜2 + a2x2
G(r˜)
dr˜2 + H(x)
r˜2 + a2x2
[
(r˜2 + a2)ϕdϕ˜ + adt˜
]2 + r˜2 + a2x2
H(x)
dx2
}
,
(2.4)
where2
G(r˜) :=
(
A2r˜2 − 1
)(
r˜ − r+
) (
r˜ − r−
)
, (2.5)
H(x) :=
(
1− x2
)
(1+ Axr+) (1+ Axr−) . (2.6)
While the electromagnetic potential remains basically the same as the (non-accelerating) Kerr–Newman solution
Aμ =
{
− qr˜ + pax
r˜2 + a2x2 , 0, 0, −
aqr˜(1− x2) − px(r˜2 + a2)
r˜2 + a2x2 ϕ
}
. (2.7)
The real constants m, a, A, q and p respectively parametrise the mass, angular momentum (for unit mass), the acceleration, the electric 
and magnetic charge of the black hole, but they coincide with these latter quantities only in the limit of vanishing acceleration A → 0.
From the weak ﬁeld limit, that is m = a = q = p = 0, the parameter A can be clearly interpreted as the uniform acceleration felt by a 
test particle at the origin r˜ = 0 [19,20]. Generally accelerating black holes have two asymmetrical nodal singularities on the poles (located 
at x = ±1), proportional to
lim
x→±1
2π
(1− x2)
√
gϕ˜ϕ˜
gxx
= 2πϕ (1± Ar+) (1± Ar−) . (2.8)
One of these conical singularities can be easily removed by rescaling the range of the azimuthal coordinate ϕ , or equivalently, as in our 
case, by introducing a constant coeﬃcient ϕ to keep the ϕ range [0, 2π ]. For instance, imposing the regularity on the north pole (x = 1), 
we set
2πϕ (1+ Ar+) (1+ Ar−) = 2π ⇒ ϕ = 1
1+ 2mA + A2(a2 + q2 + p2) . (2.9)
But, because of the asymmetric conicity, in order to remove also the second angular deﬁcit (or excess) and to remain with a full regular 
metric, an extra parameter is needed, such as the intensity of an external electromagnetic ﬁeld. We will study this regularisation in 
section 5. The coordinate x is related to the usual polar angle by x = cos θ , so its range is x ∈ [−1, 1].
2 This solution holds also in presence of the cosmological constant, just upgrading G(r˜) with G
(r˜) = G(r˜) + 
3
(
r˜4 + a2
A2
)
. In this case the horizon structure becomes 
algebraically more involved, moreover they do not coincide any more with the Kerr–Newman–(A)dS ones, because of the explicit dependence on the accelerating parameter A. 
Of course the action (2.1) and equations of motion (2.2) also have to be properly modiﬁed to include the cosmological constant.
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r˜ = r± , are located at
r± =m ±
√
m2 − a2 − q2 − p2. (2.10)
For r = 1/A we encounter an accelerating horizon, rA , which is supposed to lay beyond the event horizon r+ , hence constraining the range 
of parameters such that A−1 > m +√m2 − a2 − q2 − p2. The black hole becomes extremal when the inner and outer horizons coincide, 
for m = √a2 + q2 + p2, at radial distance re = √a2 + q2 + p2. On the other hand the extremality condition is not directly affecting the 
position of the accelerating horizon rA .
The black hole area is given by
A=
2π∫
0
dϕ˜
1∫
−1
dx
√
gϕ˜ϕ˜ gxx
∣∣∣∣
r˜=r+
= 4πϕ r
2+ + a2
1− A2r2+
. (2.11)
The null acceleration limit for the solution (2.4)–(2.7), corresponding to A → 0, is well deﬁned and gives the standard Kerr–Newman 
spacetime.
In the following it will be useful to know the angular velocity  J and the Coulomb electromagnetic potential e of the horizon 
respectively given by
 J := −
gt˜ϕ˜
gϕ˜ϕ˜
∣∣∣∣∣
r˜=r+
= − a
a2 + r2+
1
ϕ
, (2.12)
and
e := −χμAμ
∣∣∣∣
r˜=r+
= q r+
a2 + r2+
, (2.13)
where χ = ∂t˜ + J ∂ϕ˜ was considered as Killing vector generating the event horizon. Their extremal limits, for r+ → re , will be called extJ
and exte , while 
ext
ϕ is deﬁned as limr+→re ϕ .
Note that  J and e depend on the choice of the coordinate, for instance the factor ϕ can be absorbed in a new time coordinate to 
get the same angular velocity on Kerr–Newman on the horizon. Also the surface gravity or the temperature, may appear different. Never-
theless other choices of the frame will also affect the near horizon geometry (in particular through κ ), compensating these apparent local 
discrepancies. Frame independent quantities can be deﬁned thanks to integrability and are presented in the next subsection (2.20)–(2.21).
The electric and magnetic charges remain basically the same for the Kerr–Newman black hole, up to the factor ϕ
Q= 1
8π
∫
S
FμνdSμν = − 1
4π
2π∫
0
dϕ˜
1∫
−1
dx
√
gS nμσν Fμν = q ϕ, (2.14)
P = 1
4π
∫
S
Fμν dx
μ ∧ dxν = p ϕ, (2.15)
where dSαβ = −2n[ασβ]√gS dϕ˜dx and √gS = √gxxgϕ˜ϕ˜ deﬁnes the two-dimensional volume element of the integration surface St , 
surrounding the black hole event horizon at ﬁxed time and ﬁxed radial distance. We also deﬁne nμ and σν as the two orthonormal 
vectors, respectively time-like and space-like, normal to the surface St .
Similarly, deﬁning the rotational Killing vector ξμ(ϕ) = ∂ϕ˜ , we obtain the following value for the angular momentum [22]
J = 1
16π
∫
St
[
∇αξβ(ϕ) + 2Fαβξμ(ϕ)Aμ
]
dSαβ = am2ϕ. (2.16)
2.1. Mass and ﬁrst law of thermodynamics for accelerating black holes
Computing the mass for accelerating black holes, because of their unusual asymptotics, is a non-trivial task and, up to the author’s
knowledge, it has not been achieved at the moment, although some attempts were done recently in [23] and [24]. However some hints 
can come from the thermodynamics. In fact, exploiting some of the results found in [10] for a different deformations of the Kerr–Newman 
black hole, it is possible to ﬁnd the unique integrable mass, coherent with the ﬁrst law of thermodynamics.
When dealing with metrics with unconventional asymptotic falloff, a fundamental step in the analysis of the mass consists of the 
identiﬁcation of the canonical symmetry associated with the energy, which in general is not ∂t as it occurs in case of asymptotic ﬂatness, 
for the standard Kerr–Newman solution. Just consider the Kerr–AdS spacetime [25] for a well known counterexample, where the normali-
sation of the Killing vector ∂t is ﬁxed by the asymptotic symmetry algebra. Naive election of this normalisation gives masses that naturally 
do not fulﬁl the laws of thermodynamics, unless adjusting by adding ad-hoc terms in the ﬁrst law, as it occurs in [26], for instance in the 
case of Kerr–Newman black hole embedded in an external ﬁeld.
In this subsection we consider, for simplicity, the electric charge only in the solution (2.4)–(2.7), that means setting p = 0, and we take 
the canonical Killing vector associated to the energy α∂t , normalised with a integrability factor α, which eventually can be used to deﬁne 
a canonical time tcan = t/α.
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standard ﬁrst law of thermodynamics
δM= T¯ δS + ¯δ J + ¯δQ , (2.17)
is given by
M=m
√
1+ a2A2
√
1− A2(a2 + q2) + 2A√m2 − q2 − a2]√
1+ A2(a2 + q2) − 2Am [1+ A2(a2 + q2) + 2Am]3/2 . (2.18)
The explicit expression for the normalisation factor is
α =
[a2 + (m +√m2 − a2 − q2)2][1− (q4+4a2m2)[1+A2(a2+q2−2m2−2m√m2−a2−q2)]2[1+A2(a2+q2)+2mA]2(q2−2m2−2m√m2−a2−q2)2 ]
4M
√
m2 − a2 − q2[1− A2(m +√m2 − q2 − a2)2] . (2.19)
The frame independent thermodynamic potential T¯ , ¯, ¯ are deﬁned as
T¯ := αTH = 1
8πM
[
1− π
2
S2
(
4J 2 +Q4
)]
, (2.20)
¯ := α( J − int) = πJMS , (2.21)
¯ := α(e − int) = πQ2MS
(
Q 2 + S
π
)
, (2.22)
where int and int are also ﬁxed by integrability conditions. But possibly it is easy to choose a gauge for the solution (2.4)–(2.7), by 
properly shifting the electromagnetic potential and the off-diagonal term of the metric by a constant, for which int and int are null, 
as explained in [10]. These settings, together with the time coordinate normalised by a factor α and the ϕ angle co-rotating with int , 
constitute the, so called, canonical frame.
The Hawking temperature TH is deﬁned as usual in terms of the surface gravity, the explicit value for the accelerating case can be 
found in eq. (4.8). S refers to the entropy of the black hole and, as usual, is a quarter of its area (2.11) S =A/4.
It is easy to verify that the mass (2.18) also satisﬁes the Smarr formula
M= 2T¯ S + 2¯J + ¯Q. (2.23)
We present the details for the non-rotating metric, thus also a = 0. In this case the angular momentum J is null and the mass can be 
read from (2.18)
M
∣∣
a=0 =m
√
1− A2q2 + 2A√m2 − q2√
1+ A2q2 − 2Am [1+ A2q2 + 2Am]3/2 . (2.24)
It can be easily checked that (2.17) is satisﬁed using the Coulomb potential (2.13) and
int
∣∣∣
a=0 =
mqA
Aq2 +√m2 − q2 .
A different value for the mass is given in [24]. It is computed using the usual Killing vector ∂t , with the normalisation typical of trivial 
(null curvature) asymptotic, but accelerating black holes are endowed with different asymptotic. In fact using the mass of [24] the ﬁrst 
law of black hole thermodynamics cannot be fulﬁlled in general, but only adding extra constraints on the physical parameters.
The mass for the uncharged sub-case is also well deﬁned and it follows smoothly from (2.18) in the limit q → 0. More details and a 
direct computation of the mass is outside the scope of the paper and will be presented elsewhere [27].
3. Near horizon geometry at extremality
In order to analyse the region near the extremal accelerating Kerr–Newman black hole (EAKN) event horizon re , we follow the usual 
prescription of [5], originally developed in [1]. We have to introduce new dimensionless coordinates (t, r, ϕ) deﬁned as follows
r˜(r) := re + λr0r, t˜(t) := r0
λ
t, ϕ˜(ϕ, t) := ϕ + extJ
r0
λ
t, (3.1)
where the constant r0 is brought in to cancel the overall scale of the near-horizon geometry. When an electromagnetic potential Aμ is 
present, also it is needed a gauge transformation of this kind
At˜ → At˜ + e. (3.2)
Thus the near horizon, extreme, accelerating Kerr–Newman geometry (NHEAKN) is obtained as the limit of the EAKN for λ → 0. Exactly 
as in the non-accelerating case, the NHEAKN geometry can be cast in the general form of the near-horizon geometry of spinning extremal 
black holes, endowed with the SL(2, R) symmetry [14], which can be expressed as a warped and twisted product of AdS2 × S2
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[
−r2dt2 + dr
2
r2
+ α2(x) dx
2
1− x2 + γ
2(x)
(
dϕ + κrdt)2] , (3.3)
where
(x) = a
2x2 + r+r−[
1− A2r+r−
] (
1+ Ax√r+r−
)2 , r0 = ±
√
a2 + r+r−
1− A2r+r− , (3.4)
γ (x) = ± (a
2 + r+r−)
√
1− x2extϕ

√
1− A2r+r−
(
1+ Ax√r+r−
) , κ = − 2ar20√r+r−
(a2 + r+r−)2extϕ
, (3.5)
α(x) = ±
√
1− A2r+r−
1+ xA√r+r− . (3.6)
Also the electromagnetic connection falls into the same general class of near horizon gauge potential
A = (x)(dϕ + κrdt) − e
κ
dϕ, (3.7)
where
(x) = − r
2
0
κ
q(r+r− − a2x2) + 2axp√r+r−
(r+r− + a2x2)(a2 + r+r−) ,
e = qr20
r+r− − a2(
r+r− + a2
)2 . (3.8)
It is interesting to note that this near-horizon geometry differs from the usual Kerr–Newman ones,3 which can be easily obtained in the 
A → 0 limit from (3.4)–(3.8):
0(x) = a2x2 + r+r−, α0(x) = ±1, (3.9)
γ0(x) = ± (a
2 + r+r−)
√
1− x2
0(x)
, r200 = a2 + r+r−, (3.10)
κ0 = − 2a
√
r+r−
a2 + r+r− . (3.11)
That is not a trivial statement because, as shown in [12], the near-horizon geometry of Kerr–Newman black holes distorted by an external 
magnetic ﬁeld, remains, at extremality, isomorphic to the unmagnetised metric, near the horizon. In fact results stating that this is a 
general behaviour in four-dimensions in standard General Relativity, not only pertinent to external magnetic ﬁeld deformations, have 
recently appeared [13]. However, as we explain below, there is no tension with our work. But in presence of this kind of acceleration it 
is easy to show that the near-horizon geometry does not belong to the non-accelerating Kerr–Newman class any more. Indeed we can 
perform a coordinate transformation
x(y) = − A
√
r+r− ± y
1± Ay√r+r− , (3.12)
to reabsorb the function α, as in the standard KN case. But then it is clear that the transformed form of [x(y)], which reads
(y) = r+r−
(
1− Ay√r+r−
)2 + a2 (y − A√r+r−)2[
1− A2(r+r−)
]3 , (3.13)
differs from 0(x), because of the linear term in the coordinate y, and we have no extra freedom to make them match. Note that this fea-
ture mainly depends on the source of the acceleration only, the string (or strut); therefore it also holds in absence of the electromagnetic 
potential (q = 0, p = 0). It can be ascribed to the fact that the cosmic string is producing a conical singularity, hence the spacetime is not 
regular and a delta source should be added in the energy momentum tensor. Indeed, as will be shown in section 5, when the acceleration 
is generated by an external magnetic ﬁeld, the metric can be arranged to be completely regular introducing a constraint between the 
parameters. In that case the matter energy momentum tensor remains only the Maxwell one and as suggested in [28], the extremal near 
horizon geometry corresponds to the one of extremal Kerr–Newman solution. Actually the regularity constraint precisely coincides with 
the cancellation of the linear term in .
When the metric is not regularised, the presence of conical singularity evades the inﬁnitesimal transverse deformations considered in 
[13], that is why we have no extremal Kerr near horizon geometry, without any contradiction with the result of [13].
Because the near horizon geometry of the AEKN black hole can be cast in the general form (3.3), its isometry is generated by the 
usual4 following Killing vectors
3 We will refer to the Kerr–Newman quantities with an extra zero pedix.
4 Note that the deformation due to the acceleration enters only in κ .
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ζ1 =
(
1
2r2
+ t
2
2
)
∂t − t r ∂r − κ
r
∂ϕ, L0 = ∂ϕ. (3.15)
From their non-null commutation relations
[ζ0, ζ±] = ±ζ±, [ζ−1, ζ1] = ζ0 (3.16)
we understand that they span the SL(2, R) × U (1) algebra, where L0 generate the U (1) algebra. The generators of the inﬁnitesimal 
isometries are normalised to simplify the commutation rules.
Therefore the presence of the acceleration is not spoiling the near horizon symmetry of the non-accelerating case, at least in the 
extremal case, which is a key point in the formulation of the Kerr/CFT correspondence.
Note that while the near horizon geometry (3.3) is a characteristic of the event horizon, other Killing horizons such as, for example, 
the accelerating horizon rA , cannot be expressed as a warped product of AdS2 × S2, neither in the extremal case.
According to the Kerr/CFT correspondence it is possible to infer the thermodynamic properties of extremal black holes from the asymp-
totic symmetry of their near horizon ﬁelds. Thus speciﬁcation of proper boundary conditions, for the near horizon metric (3.3)–(3.6) and 
electromagnetic potential (3.7)–(3.8), become necessary. We will borrow the usual boundary conditions for the theory we are considering 
[3–5]: the fall-off behaviour for the metric, at large radial distance r, is taken as follows
gtt =O
(
r2
)
, gtϕ = κ (x) γ 2(x) r +O (1) ,
gtx =O
(
1
r
)
, gtr =O
(
1
r2
)
, gϕϕ =O(1),
gϕx =O
(
1
r
)
, gϕr =O
(
1
r
)
, gxr =O
(
1
r2
)
,
gxx = (x)α(x)
2
1− x2 +O
(
1
r
)
, grr = (x)
r2
+O
(
1
r3
)
, (3.17)
while the electromagnetic ﬁeld is considered to decay in the following way
At =O (r) , Aϕ = (θ) − e
κ
+O
(
1
r
)
,
Ax =O (1) , Ar =O
(
1
r2
)
. (3.18)
These boundary conditions5 are preserved by the following asymptotic Killing vectors
ζ = (ϕ)∂ϕ − r′(ϕ)∂r + subleading terms, (3.19)
ξ = −
[
(θ) − e
κ
]
(ϕ) + subleading terms. (3.20)
On the bulk the boundary conditions (3.17)–(3.20) are preserved also by some of the near horizon symmetry generators: ζ−1, ζ0, but not 
by ζ1. Expanding the generators (3.19)–(3.20) in Fourier modes such that
(φ) = −e−inφ, (3.21)
we can verify that each m-mode couple in the Fourier series expansion can be considered as a generator, Lm = (ζm, ξm), which obeys the 
following Witt algebra (Virasoro algebra without the central extension)
i [Lm, Ln] = (m − n) Lm+n. (3.22)
The commutation brackets are deﬁned by
[Lm, Ln] := [(ζm, ξm), (ζn, ξn)] = ([ζm, ζn], [ξm, ξn]ζ ), (3.23)
where [ζm, ζn] is the standard Lie commutator, while [ξm, ξn]ζ := ζμm ∂μξn − ζμn ∂μξm .
4. Microscopic entropy
The emergence of the Witt asymptotic algebra inspires the hypothesis that some quantum gravity features of the near horizon region 
of the accelerating extremal Kerr–Newman black hole can be deduced from a dual two-dimensional CFT living on the KHAEKN boundary.
Evaluating the Dirac bracket between the charges associated with the generators of the asymptotic symmetries (3.19)–(3.20), one can 
observe that the Witt algebra is enlarged into the full Virasoro algebra, with a non-null central extension. The central charge can be 
calculated as the coeﬃcient of the cubic factor in the m-expansion of the following asymptotic charge
5 In [3] these boundary conditions were supplemented by the zero energy and electric charge excitation condition, i.e. δQ∂t = 0 and δQ = 0, respectively.
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r→∞Q
Einstein
Lm [LL−m g¯; g¯]
∣∣∣
m3
, (4.1)
where LL−m g¯ is the Lie derivative of the background metric along the generator L−m and the fundamental charge formula is given, for 
general relativity [15], by
QEinsteinLm [h; g¯] =
1
8πGN
∫
S
dSμν
(
ξν∇μh + ξμ∇σhσν + ξσ∇νhσμ + 1
2
h∇νξμ + 1
2
hμσ∇σ ξν + 1
2
hνσ∇μξσ
)
.
Here h is deﬁned as h := g¯μνhμν , QEinsteinLm [h; ¯g] represents the conserved charge associated with the Killing vector ξμ of the linearised 
metric hμν around the background g¯μν , while S and dSμν are deﬁned in section 2. From the near horizon geometry (3.3) we obtain a 
general expression for the central charge given by
c J = 3κ
1∫
−1
dx√
1− x2 (x)α(x)γ (x). (4.2)
Note that matter does not affect directly the value of the central charge but it enters only implicitly through the constant κ and the 
functions (x), γ (x), α(x). This is not a surprise but a typical behaviour for the theory (2.1) and class of near horizon geometry (3.3) we 
are considering here, as shown in [5].
Note also that the central charge does not depend on the particular choice of the boundary conditions, but only on their existence.
Then making use of the explicit form of the ﬁelds of the NHEAKN metric we can evaluate the central charge for the near horizon 
geometry of the accelerating extremal Kerr–Newman black hole
c J = 12a
√
r+r−[
1− A2r+r−
]2 . (4.3)
Therefore the Witt algebra (3.23) acquires a central extension, becoming a Virasoro algebra
[Lm,Ln] = (m − n)Lm+n + c J
12
m(m2 − B)δm,−n, (4.4)
where the real parameter B is a trivial central extension that can be put to 1 by shifting the background value of the charge L0.
The framework of the Kerr/CFT correspondence exploits the assumption that near horizon geometry of extremal black holes can be 
described by the left sector of a CFT in two dimensions. For these latter theories Cardy found [9] that the asymptotic growth of states 
density, in the microcanonical ensemble, is given by6
SCFT = 2π
√
cLL0
6
, (4.5)
thus it depends only on the central charge of the theory and the zero eigenvalue L0. This formula (4.5) is valid for unitary and modular 
invariant CFTs and for L0 >> cL . Using the deﬁnition of left temperature
∂SCFT
∂L0
= 1
TL
(4.6)
it is possible to transform the (left sector of the) Cardy formula in the canonical ensemble to get
SCFT = π
3
cL T L . (4.7)
In this setting the validity of (4.7) can be quantiﬁed by asking large temperatures TL >> 1, which imply large number of excited 
degrees of freedom.
Since, in the extremal case, we are dealing with the rotational excitations around ∂φ , we have the presence of the left sector quantities 
only. We cannot associate to the left temperature the Hawking temperature TH because, even though it is directly affected by acceleration, 
at extremality it vanishes on the event horizon, as the surface gravity ks , because the outer and inner horizons overlap in a double 
degenerate horizon
TH := h¯ ks
kB 2π
= 1
2π
√
−1
2
∇μχν∇μχν
∣∣∣∣∣
r+
= 1− A
2r2+
2π
r+ − r−
2(r2+ + a2)
. (4.8)
Therefore, to take into account the rotational degrees of freedom, the Frolov–Thorne vacuum is used to deﬁne a temperature. This 
can be considered as a generalisation of the Hartle–Hawking vacuum originally built for deﬁning the Hawking temperature for the static 
Schwarzschild black hole. The Frolov–Thorne vacuum is deﬁned for stationary black holes, in the region where a time-like Killing vector, 
such as the generator of the horizon, remains time-like. At least it occurs in the proximity of the horizon. The Frolov–Thorne temperature 
is a geometric quantity, which depends on the metric and matter ﬁeld, but not straightly on the theory. At extremality it is deﬁned as
6 The right degrees of freedom are neglected, because we are considering only the extremal case.
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r˜+→r˜e
T H
extJ −  J
= −
ext
ϕ
4π
(a2 + r+r−)
[
1− A2r+r−
]
a
√
r+r−
= 1
2πκ
. (4.9)
It can be considered as the vacuum state for spinning or charged extreme black holes.
Finally inserting the central charge (4.2) and the rotational left temperature (4.9) in the Cardy formula (4.7) we can obtain the value of 
the entropy of the conformal ﬁeld theory model associated to the extremal accelerating black hole
SCFT = π
2
3
cL T L =
π(a2 + r+r−)extϕ
1− A2r+r− =
1
4
Aext. (4.10)
Note that this dual entropy precisely coincides with the classical Bekenstein–Hawking entropy of the black hole, i.e. with one quarter 
of its event horizon area, as expected.
It is interesting to point out also that the presence of the extra parameter due to the acceleration A is not improving the applicability 
of the Cardy formula, with respect to the standard A = 0 case, because it does not affect the possibility of having a large temperature 
TL >> 1. On the contrary it was shown in [11] and [12] that the presence of an extra parameter related to the external magnetic ﬁeld 
improves the plausibility of the Cardy formula application, since it allows to enlarge the temperature, for some range of the parameters. 
That’s a further motivation to consider, in the next section, these external electromagnetic ﬁelds as regulators.
On the other hand the limits to the non-accelerating standard case A → 0 are well deﬁned on any step, so the standard Kerr/CFT is 
easily and clearly recovered as a subcase.
The presence of an Abelian gauge ﬁeld, given by the Maxwell electromagnetic connection Aμ , makes available also an alternative CFT 
dual picture. In fact, instead of using the rotational symmetry around the azimuthal axis, we can take advantages of the U (1) symmetry 
of the electromagnetic potential through a Kaluza–Klein uplift in ﬁve dimensions. Thus the Abelian gauge ﬁeld is thought to be wrapped 
around a compact extra dimension ψ , with period 2π Rψ , which deﬁnes a Killing orbit ∂ψ . A chemical potential associated with the 
direction generated by ∂ψ can be deﬁned as explained in [5]. In that case the Frolov–Thorne temperature is given in units of Rψ by
Tψ = TeRψ. (4.11)
In analogy with the rotational picture, the electric chemical potential is deﬁned, at extremality, as
Te := lim
r+→re
T H
exte − e
= (2a
2 + p2 + q2) [1− A2(a2 + p2 + q2)]
2πq(p2 + q2) =
1
2πe
. (4.12)
The fact that Te can be expressed, as in the last equality, in terms of the near-horizon quantity e (3.8), also in this accelerating case, it is 
a not trivial feature. Hence the temperature associated with the second CFT picture becomes
Tψ = Rψ
2πe
. (4.13)
Assuming, as in the standard Kerr/CFT formulation, that in the extremal case there are no right excitations modes in the conformal model, 
Tψ can be considered as the left temperature
TL = Tψ, TR = 0. (4.14)
Thanks to the ﬁve-dimensional uplift the central charge can be computed in a similar way with respect to c J . It is given by
cQ = 3e
Rψ
1∫
−1
(x)α(x)γ (x)√
1− x2 dx =
6q(q2 + p2)ϕ[
1− A2(a2 + q2 + p2)]2 Rψ . (4.15)
Finally the entropy of the alternative conformal model dual to the accelerating Kerr–Newman black hole can be written thanks to the 
Cardy formula (4.7) and (4.14)–(4.15)
SCFT = π
2
3
cQ Tψ = 1
4
Aext. (4.16)
Again the entropy of this second dual conformal system coincides with the usual Bekenstein–Hawking gravitational entropy, as in (4.10), 
which corresponds to a quarter of the event horizon area.
The main advantage of this second dual picture basically relies in the fact the Kerr/CFT correspondence can be applied even in the lack 
of rotation (that is for the charged C-metric, when a = 0).
Generalisation in the presence of cosmological constant can be also done directly.
The Kerr/CFT formalism might hold also outside the extremal limit, but at the price of adding some ad-hoc extra assumptions on the 
nature of the central charges. For instance in the standard case of Kerr–Newman one has to assume that the left and right central charges 
coincide. Moreover it is assumed that the central charges do not change their form (but they change their value) with respect to the 
extremal case, basically it means that cL = cR = 12 J . In practise these values are chosen to match the black hole entropy, so it is not 
considered satisfactory by some authors [5].
On the other hand, even though away from extremality the near horizon geometry looses the AdS2 symmetry, it is still possible to 
extract some hidden conformal invariance. In fact the equation governing the dynamics of a probe scalar ﬁeld in the vicinity of the black 
hole horizon manifests the SL(2, R) × SL(2, R) invariance in a speciﬁc low energy regime. This conformal symmetry usually makes possible 
to compute the left and right-moving temperatures of a CFT model dual to the non-extremal black hole.
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C-metric (2.4) non-backreacting background
(DνDν + μ2) (t˜, r˜, x, ϕ˜) = 0, (4.17)
is separable only in the massless case, μ = 0. The covariant derivative Dμ is deﬁned by Dν = ∇ν − iqe Aν . In order to show the 
decoupling of (4.17) in a radial and an angular part is convenient to expand the scalar ﬁeld as
(t˜, r˜, x, ϕ˜) = (1+ Ar˜x) e−w0t˜+m0ϕ˜ X(x) Y (r˜), (4.18)
where w0 and m0 are the wave frequency and the azimuthal separation constant respectively. The radial scalar ﬁeld equation becomes 
(for null magnetic charge, p = 0){
∂r˜
[
G(r˜)∂r˜
]+ [ am0φ − qeqr˜ + w0(a2 + r˜2)]2
G(r˜)
+ A2r˜(r˜ −m) − C
}
Y (r˜) = 0, (4.19)
where C is the separation constant.
The decoupled scalar ﬁeld equations can be simpliﬁed when considered for a speciﬁc range of the parameters, that is when the scalar 
wave has low energy, low mass and low electric charge with respect to the black hole charges. This limit identiﬁes the so called “near 
region” of the spacetime, which should not to be confused with the near horizon region of the previous section.
In this regime, passing to “conformal” coordinate, it is possible to exploit the SL(2, R) ×SL(2, R) symmetries of the scalar wave equation 
to obtain a left and right temperatures for the conformal model.
In presence of the acceleration, the assumption about the central charges to remain cL = cR = 12 J is not in general true. Insisting with 
this assumption constrains the period of the azimuthal coordinate. In fact considering the value of the angular momentum (2.16) we have 
that cL = 12amϕ , which at extremality coincides with the central charge (4.3) only if
ϕ = 1
1− A2r+r− . (4.20)
Note that this is not the value which removes one of the axial nodal singularities. Moreover, it is not clear how to implement this 
constraint away from extremality. Therefore away from the extremal case the presence of acceleration raises new issues on an already 
unsatisfactory picture. A solid approach would consist of an independent computation of the central charge in the non-extremal case. This 
would be very interesting even in the standard case of null acceleration, i.e. the Kerr–Newman case, but, up to the author’s knowledge, at 
the moment it is not clear how to pursue it.
5. Regular case: accelerating and rotating black hole in an external magnetic ﬁeld
In this section we want to show, with simple but non-trivial example, that the treatment developed in the previous sections, about 
the CFT duals of accelerating black holes, can be generalised also when the conical singularity, typical of these accelerating spacetimes, is 
regularised. This can be achieved by means of an external ﬁeld, still remaining in the realm of the Einstein–Maxwell theory described by 
the action (2.1). As discovered by Ernst in [30], it is possible to remove the nodal singularity of the C-metric introducing an electromag-
netic ﬁeld of the kind of the Melvin Universe [31]. In practise it can be realised by applying an Harrison transformation to the singular 
electrovacuum solution, at the price of modifying the asymptotic behaviour. From a physical point of view it means that the acceleration is 
provided by the external electromagnetic ﬁeld, in spite of the singular string (or strut). This kind of solution was popular some years ago 
to describe the pair creation of black hole pairs in a external electromagnetic background [32–34] and recently extended to the rotating 
case in [35].
In particular, here, we will focus on a rotating generalisation of the Ernst metric [30], ﬁrst described in [35]. In fact these kinds of 
solutions connect the accelerating Demianski–Plebanski family with the magnetised Ernst ones. Basically they describe an accelerating 
and dyonically charged black hole embedded in an external magnetic universe. Thus the Ernst metric [30] can be obtained by taking
the limit of vanishing electric charge, i.e. q → 0, while the Reissner–Nordstrom black hole in the external magnetic background [21] is
recovered for null acceleration A → 0. In practise to obtain this solution a Harrison transformation is applied to the spacetime (2.4)–(2.7), 
where we set a = 0 for simplicity. A non-trivial feature of this metric consists in the fact that the accelerating RN spacetime is not static 
any more, although we have vanished the Kerr rotational parameter a. That’s because of the Lorentz-like interaction between the intrinsic 
electric monopole charge of the black hole and the external magnetic ﬁeld.
The resulting metric and electromagnetic potential, as explained in [35], can be written as follows
ds2 =
∣∣
(r˜, x)∣∣2
(1+ Ar˜x)2
[
−G(r˜)
r˜2
dt2 + r˜
2dr˜2
G(r˜)
+ r˜
2dx2
H(x)
]
+ r˜
2H(x)(ϕdϕ − ω(r˜, x)dt˜)2
(1+ Ar˜x)2 ∣∣
(r˜, x)∣∣2 , (5.1)
Aμ =
[
At(r˜, x), 0, 0, Aϕ(r˜, x)
]
, (5.2)
where

(r˜, x) = 1+ Bx(p − iq) + B
2
4
[
r˜2H(x)
(1+ Ar˜x)2 + (p
2 + q2)x2
]
, (5.3)
ω(r˜, t˜) = −2qB + qB
3
[
(r˜2 − 2mr˜)(1+ 2Ar˜x+ x2) + x2(p2 + q2)(1− A2r˜2)]
2
, (5.4)r˜ 2r˜ (1+ Ar˜x)
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[
2(Re(
) − 1)− Bxp]Re(
) + [Im(
)]2
B
∣∣
(r˜, x)∣∣2 , (5.5)
At˜(r˜, x) =
2q
r˜
+ ω(r˜, x)
[
3
2B
− Aϕ˜ (r˜, x)
]
. (5.6)
G(r˜), H(x) and r± are deﬁned as in (2.5), (2.6) and (2.10) respectively, but now a = 0. The solution (5.1)–(5.6) presents nodal sin-
gularities on the symmetry axis, as it can be seen by considering a small circle, for ﬁxed time and radial coordinates, around the two 
semi-axises x = ±1
circumference
radius
= lim
x→±1
2π
1− x2
√
gϕ˜ϕ˜
gxx
= 32πϕ
[
1± 2Am + A2(p2 + q2)]
(±2+ Bp)4 + 2B2q2 [12+ Bp(±4+ Bp)] (5.7)
Note that this deﬁcit or, depending on parameters, excess angle is asymmetric on the two different hemispheres. Therefore it is possible 
to remove only one of the conical singularities at a time, let’s say we choose to regularise the one on the semi-axis x = 1, by setting ϕ
to
¯ϕ = (2+ Bp)
4 + 2B2q2 [12+ Bp(4+ Bp)]
16
[
1+ 2Am + A2(p2 + q2)] . (5.8)
Now the presence of the external electromagnetic ﬁeld plays a fundamental role. Because it makes possible, at the same time, the 
elimination also of the second conical singularity located at x = −1, by imposing
32π¯ϕ
[
1− 2Am + A2(p2 + q2)]
(−2+ Bp)4 + 2B2q2 [12+ Bp(−4+ Bp)] = 2π. (5.9)
Therefore we remain with a completely regular metric outside the horizon.7 This latter regularity constraint, relates the acceleration 
parameter A with the intensity of the external magnetic ﬁeld B and the remaining parameters of the black hole conserved charges: the 
mass m, the electric charge q and the magnetic charge p, which are though free
A = m
{
16+ B2(p2 + q2)[24+ B2(p2 + q2)]}
8pB(p2 + q2) [4+ B2(p2 + q2)] ±
√√√√m2 {16+ B2(p2 + q2)[24+ B2(p2 + q2)]}2{
8pB(p2 + q2) [4+ B2(p2 + q2)]}2 − 1. (5.10)
From a physical point of view the regularisation of the metric (5.1)–(5.4) obtained by the constraint (5.10) is interpreted as the removal 
of the string from the accelerating spacetime. In spite the black hole acceleration is provided by interaction between the external electro-
magnetic ﬁeld and the black hole electromagnetic charges. Note that to remove both the singularities from the C-metric, the interaction 
between the external electromagnetic ﬁeld and the black hole charge have to be of the same kind.8
Of course the electromagnetic charges of the black hole are affected by the acceleration and magnetic embeddings, therefore q and p
represent the black hole electric and magnetic charges only in the simultaneous limit of null acceleration and external magnetic ﬁeld (that 
is A → 0, B → 0). In fact the actual electric charge can be computed, by a surface integral, as done in the unmagnetised case of section 2
QB = q
[
4− B2(p2 + q2)] [16+ 24B2(p2 + q2) + B4(p2 + q2)2]
4
[
1+ 2Am + A2(p2 + q2)] [16− 32Bp + 24B2(p2 + q2) − 8B3p(p2 + q2) + B4(p2 + q2)2] , (5.11)
while the magnetic monopole charge is
PB = p
[
4− B2(p2 + q2)]
4
[
1+ 2Am + A2(p2 + q2)] [16− 32Bp + 24B2(p2 + q2) − 8B3p(p2 + q2) + B4(p2 + q2)2] . (5.12)
The limits for null acceleration or null magnetic ﬁeld recover the known results of section 2 and [36].
The event horizon area is given by
A=
2π∫
0
dϕ˜
1∫
−1
dx
√
gϕ˜ϕ˜ gxx = 4πϕ
r2+
1− A2r2+
. (5.13)
Note that the dependence of the back hole area from the external magnetic ﬁeld is implicit, and it only enters in the factor that 
regulates the period azimuthal angle ϕ . When considering regular black holes, B also enters in the value of A according to the constraint 
(5.10).
In order to take the near horizon limit it will be necessary to know the value of the angular velocity on the event horizon
 J := −
gt˜ϕ˜
gϕ˜ϕ˜
∣∣∣∣∣
r˜=r+
= −qB(4+ Br+r−)
2¯ϕr+
, (5.14)
7 Of course the characteristic black hole curvature singularity at r = 0 remains.
8 For instance, as it can be seen from (5.9), in the magnetic background embedding considered here, it is not possible to remove non-trivially the nodal singularity when 
p = 0, but is possible for q = 0. When p = 0 the regularity request leaves only trivial solutions, i.e. A = 0 or m = 0 which correspond to cases where naturally there are no 
axial angular defects: the Reissner–Nordstrom black hole in a Melvin universe or an accelerating Melvin Universe without black hole, respectively.
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e := −χμAμ
∣∣∣∣
r˜=r+
= q(4+ B
2r+r−)
4r+
. (5.15)
Following exactly the same procedure of section 3 to obtain the near-horizon geometry for this regularised C-metric we have to pass 
to the co-rotating frame through the dimensionless coordinate (3.1), shift the electric potential as in (3.2) and perform the limit λ → 0. As 
in section 3, we are here considering only the extremal conﬁguration. The ﬁnal near horizon geometry for regular accelerating extremal 
black hole falls again in the twisted and wrapped product of AdS2 × S2 class. It can be therefore modelled by the usual near horizon 
metric (3.3) and electromagnetic one-form (3.7), where the structure functions are given by
(x) =
[
4+ B2(p2 + q2) + 4Bpx]2 + (4Bqx)2
16
[
1− A2(p2 + q2)](1+ Ax√p2 + q2)2 (p
2 + q2), (5.16)
γ (x) = (p
2 + q2)√1− x2 ¯extϕ
(x)
√
1− A2(p2 + q2)
(
1+ Ax√p2 + q2) , (5.17)
α(x) =
√
1− A2(p2 + q2)
1+ xA√p2 + q2 , κ = −
Bq
[
4+ B2(p2 + q2)] r20
2(p2 + q2)¯extϕ
, (5.18)
e = qr20
4+ 3B2(p2 + q2)
4(p2 + q2) , r0 = ±
√
p2 + q2√
1− A2(p2 + q2) , (5.19)
(x) =
[−4+ B2(p2 + q2)]{[4+ B2(p2 + q2)]− (4Bx√p2 + q2)2}
2B
[
4+ B2(p2 + q2)]{[4+ B2(p2 + q2) + 4Bpx]2 + (4Bqx)2} ¯extϕ . (5.20)
When the external magnetic ﬁeld vanishes, B = 0, eqs. (5.16)–(5.20) coincide with (3.3)–(3.8),9 as expected. Also in this magnetised 
case the near horizon extreme geometry is different with respect to the Kerr–Newman one, basically because the presence of a non-
null acceleration parameter A, which generates a conical singularity. Nevertheless imposing the regularity constraints (5.8), (5.10) it is 
possible to reduce the near horizon extremal geometry of the accelerating magnetised Reissner–Nordstrom black hole to the standard 
Kerr–Newman extremal near horizon geometry (3.9)–(3.11). The explicit isomorphism can be obtained starting with the KN ﬁelds 0, 
γ0, α0, κ0, operating the coordinate transformation (3.12) and ensuing redeﬁnition of the physical parameters of the KN solution as 
follows
a 
→ aB ,
q 
→QextB ,
p 
→ PextB , (5.21)
where QextB and PextB are the extremal electric and magnetic charges (5.11)–(5.12)
aB =
√√√√√ (p2 + q2)3/2
{
16B2
√
p2 + q2 − 8ABp [4+ B2(p2 + q2)]+ A2√p2 + q2 [4+ B2(p2 + q2)]2 }
16
[
1− A2(p2 + q2)]3 . (5.22)
Exactly as it occurs for the magnetised, non-accelerating case [12], the physical parameters change according to the conserved quanti-
ties of the solutions.
It is natural to take advantage of this map and the extremality condition to infer the value of the mass for this magnetised and 
accelerating regular extremal black hole
MextB =
√
a2B + (QextB )2 + (PextB )2. (5.23)
In the pure magnetised case [12] this insight was useful to discern the mass also away from extremality, as conﬁrmed in [10]. It might be 
of some help also in this more general case.
Now we have all the ingredients to compute, according to eq. (4.2), the central charge for the near horizon geometry of the extremal 
accelerating Reissner–Nordstrom black hole embedded in an external magnetic ﬁeld
c J = 6 κ (p
2 + q2)
1− A2(p2 + q2) ¯
ext
ϕ . (5.24)
9 Remember that in this section we are considering for simplicity a = 0.
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takes into account the rotational degrees of freedom which come from the Lorentz interaction between the intrinsic charges of the black 
hole and the external magnetic ﬁeld
Tϕ = − 1− A
2(p2 + q2)
Bqπ
[
4+ B2(p2 + q2)] ¯extϕ . (5.25)
Finally, as in section 4, we can use the Cardy formula (4.5), (4.7), to compute the entropy of the conformal ﬁeld theory model dual to 
the black hole near horizon geometry
SCFT = π¯extϕ
p2 + q2
1− A2(p2 + q2) =
Aext
4
, (5.26)
where the Frolov–Thorne temperature (5.25) was used, as left temperature TL , while as left central charge cL we referred to eq. (5.24).
Remarkably the CFT entropy coincides with a quarter of the extremal black hole area Aext , that is the extremal limit of eq. (5.13). 
Hence the entropy of the dual two dimensional conformal ﬁeld model corresponds to the standard Bekenstein–Hawking black hole en-
tropy.
Therefore, also in this regular case, where the black hole is non-trivially deformed by the presence of acceleration and of an external 
magnetic ﬁeld, the Kerr/CFT correspondence has shown to hold at extremality.
The second dual conformal picture, where the electromagnetic U (1) gauge symmetry is exploited, can be pursued also in presence of 
the external magnetic ﬁeld as in the section 4. The resulting central charge and Frolov–Thorne temperature are respectively:
cQ = 3q(p
2 + q2) [4+ 3B2(p2 + q2)]
2Rψ
[
1− A2(p2 + q2)]2 ¯ϕ, (5.27)
Tψ = 2Rψ
[
1− A2(p2 + q2)]
πq
[
4+ 3B2(p2 + q2)] (5.28)
Therefore thanks to the Cardy formula (4.7) we can conﬁrm that the gravitational entropy can be reproduced also in this alternative 
dual picture, as in (4.16).
It is worth to notice that, as already observed in [12], the presence of the external electromagnetic ﬁeld improves the applicability of 
the Cardy formula, in both of the conformal pictures. That happens because, through the factor ¯ψ , for a speciﬁc range of parameters, it 
is possible to fulﬁl the suﬃcient condition for the applicability of the Cardy formula, which is, having the temperature much larger with 
respect to the central charge. This means that there is a large number of excited degrees of freedom.
While presence of the regularising electromagnetic background makes the near horizon extremal geometry isomorphic to the extremal 
Kerr–Newman one, the fact that the Kerr/CFT works still remains not trivial because some quantities, such as the left temperature Tϕ of 
the dual conformal ﬁeld model, are computed outside the near horizon limit.
Moreover it can be shown that the Kerr/CFT formalism works well also for more complicated generalisation of these accelerating 
regularised black holes, such as the one with not null a = 0.10 Since there are not any additional conceptual issues, with respect to the 
example presented in this section, we will avoid to discuss it here.
On the other hand, the addition of the cosmological constant, in the regularised case is not as easy as in the accelerating but 
unmagnetised case because a magnetising Harrison transformation in presence of the cosmological constant is not known at the mo-
ment [29].
The study of the non-extremal case in this magnetised and accelerating scenario would be very interesting, but it is not clear if the 
standard methods based on the separability of a non-interacting probe scalar ﬁeld can be applied. The main problem is that it is not
known if its scalar wave equation can be decoupled in a radial and angular part and therefore if the hidden SL(2, R) × SL(2, R) symmetry 
can be exploited. But also the usual assumptions on the value of the central charge would reveal to be problematic because, as we have 
seen in (4.20) the constraint on the period of the azimuthal angle is not compatible with the regularity constraint (5.8). Therefore an 
independent computation of the central charges for accelerating black hole becomes even more necessary than in the Kerr–Newman 
case.
6. Comments and conclusions
In this paper we analysed the near horizon geometry of accelerating Kerr–Newman black holes. We have veriﬁed that at extremality 
the near horizon geometry can be written as a warped and twisted product of AdS2 × S2, but it is different from the extremal Kerr–
Newman near horizon geometry. Thus the presence of the acceleration modiﬁes the near horizon region, unlike what occurs with other 
deformations of the Kerr–Newman spacetime, such as the external magnetic ﬁeld. This extremal near horizon geometry possesses the 
SL(2, R) symmetry, which can be exploited by the Kerr/CFT correspondence. Indeed, at extremality, all the methods of the Kerr/CFT can 
be smoothly applied in presence of the acceleration. We found how the acceleration enters in the central charge of the asymptotic near 
horizon geometry and how it deforms the Frolov–Thorne temperature. Thus it was possible, according to the Kerr/CFT prescription, to 
map the gravitational system into a two-dimensional conformal ﬁeld theory model. We conﬁrmed that the entropy, computed with the 
tools provided by the CFT, matches the gravitational Bekenstein–Hawking temperature for the accelerating and rotating extremal black 
hole.
10 Actually, by an electromagnetic duality transformation, everything can be further generalised in presence of external electric ﬁeld, as well.
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regularised rotating and accelerating Reissner–Nordstrom black holes. Actually the presence of the regularising external magnetic ﬁeld 
improves the correspondence with the conformal ﬁeld theory model, enhancing the applicability of the Cardy formula.
The extremal regularised metric is isomorphic, in the near horizon limit, to the extremal Kerr–Newman one, the map is explicitly 
presented. Hence the deviation from the Kerr–Newman metric is not due to the acceleration, but to the source of the acceleration. The 
cosmic string driving the acceleration in the ﬁrst case generates a conical singularity causing the different near horizon behaviour.
Note that many of the diﬃculties characteristic to these magnetised and accelerating spacetimes, typically related with the non-
constant curvature asymptotic, were avoided just because we were mainly dealing with near horizon quantities. This fact remarks once 
more the fundamental role played by the event horizon in the physics of black holes.
Further generalisations, such as the inclusion of the cosmological constant to the accelerating picture, are trivial at least at extremality. 
What is less trivial, in presence of the black hole deformations considered in this paper, is the non-extremal picture. Indeed some fun-
damental symmetries based on the separability of the wave equation of a probe scalar ﬁeld on these accelerating black hole backgrounds 
are preserved. However it is not clear how to implement some of the ad-hoc assumptions on the nature of the central charges, typical 
of the non-extremal limit. Neither it is clear how to compute the central charges away from extremality, but this is a known issue in 
the formulation the Kerr/CFT correspondence, which is independent from the presence of the acceleration or external electromagnetic 
ﬁelds.
Finally we remark that we were able to provide, for the ﬁrst time in the literature a value for the mass of accelerating black hole that 
fulﬁls the standard ﬁrst law of black hole thermodynamics, without extra assumptions. It would be interesting to conﬁrm this result by 
direct computation with methods that do not assume the validity of the ﬁrst law. The canonical frame provided in section 2.1 could be 
useful in that direction. This would also clarify the uniqueness of the proposed mass.
Acknowledgements
I would like to thank Geoffrey Compere, James Lucietti, Roberto Oliveri for fruitful discussions and Fabrizio Canfora for computational 
support.
This work has been funded by the Conicyt - PAI grant 79150061.
References
[1] J.M. Bardeen, G.T. Horowitz, The extreme Kerr throat geometry: a vacuum analog of AdS2 × S2, Phys. Rev. D 60 (1999) 104030, arXiv:hep-th/9905099.
[2] M. Guica, T. Hartman, W. Song, A. Strominger, The Kerr/CFT correspondence, Phys. Rev. D 80 (2009) 124008, arXiv:0809.4266 [hep-th].
[3] T. Hartman, K. Murata, T. Nishioka, A. Strominger, CFT duals for extreme black holes, J. High Energy Phys. 0904 (2009) 019, arXiv:0811.4393 [hep-th].
[4] I. Bredberg, C. Keeler, V. Lysov, A. Strominger, Cargese lectures on the Kerr/CFT correspondence, Nucl. Phys. Proc. Suppl. 216 (2011) 194, arXiv:1103.2355 [hep-th].
[5] G. Compere, The Kerr/CFT correspondence and its extensions: a comprehensive review, Living Rev. Relativ. 15 (2012) 11, arXiv:1203.3561 [hep-th].
[6] S.E. Gralla, A. Lupsasca, A. Strominger, Near-horizon Kerr magnetosphere, arXiv:1602.01833 [hep-th].
[7] G. Compère, R. Oliveri, Near-horizon extreme Kerr magnetospheres, Phys. Rev. D 93 (2) (2016) 024035, Erratum: Phys. Rev. D 93 (6) (2016) 069906, arXiv:1509.07637 
[hep-th].
[8] A.P. Porfyriadis, A. Strominger, Gravity waves from the Kerr/CFT correspondence, Phys. Rev. D 90 (4) (2014) 044038, arXiv:1401.3746 [hep-th].
[9] J.L. Cardy, Operator content of two-dimensional conformally invariant theories, Nucl. Phys. B 270 (1986) 186, http://dx.doi.org/10.1016/0550-3213(86)90552-3.
[10] M. Astorino, G. Compère, R. Oliveri, N. Vandevoorde, The mass of Kerr–Newman black holes in an external magnetic ﬁeld, arXiv:1602.08110 [gr-qc].
[11] M. Astorino, Microscopic entropy of the magnetised extremal Reissner–Nordstrom black hole, J. High Energy Phys. 1510 (2015) 016, arXiv:1507.04347 [hep-th].
[12] M. Astorino, Magnetised Kerr/CFT correspondence, Phys. Lett. B 751 (2015) 96, arXiv:1508.01583 [hep-th].
[13] C. Li, J. Lucietti, Transverse deformations of extreme horizons, Class. Quantum Gravity 33 (7) (2016) 075015, arXiv:1509.03469 [gr-qc].
[14] H.K. Kunduri, J. Lucietti, H.S. Reall, Near-horizon symmetries of extremal black holes, Class. Quantum Gravity 24 (2007) 4169, http://dx.doi.org/10.1088/0264-9381/24/16/
012, arXiv:0705.4214 [hep-th].
[15] G. Barnich, F. Brandt, Covariant theory of asymptotic symmetries, conservation laws and central charges, Nucl. Phys. B 633 (2002) 3, arXiv:hep-th/0111246.
[16] J.F. Plebanski, M. Demianski, Rotating, charged, and uniformly accelerating mass in general relativity, Ann. Phys. 98 (1976) 98, http://dx.doi.org/10.1016/0003-
4916(76)90240-2.
[17] J.B. Griﬃths, J. Podolsky, A new look at the Plebanski–Demianski family of solutions, Int. J. Mod. Phys. D 15 (2006) 335, arXiv:gr-qc/0511091.
[18] K. Hong, E. Teo, A new form of the rotating C-metric, Class. Quantum Gravity 22 (2005) 109, arXiv:gr-qc/0410002.
[19] J. Podolsky, J.B. Griﬃths, Accelerating Kerr–Newman black holes in (anti-)de Sitter space-time, Phys. Rev. D 73 (2006) 044018, arXiv:gr-qc/0601130.
[20] M. Astorino, Accelerating black hole in 2 + 1 dimensions and 3 + 1 black (st)ring, J. High Energy Phys. 1101 (2011) 114, arXiv:1101.2616 [gr-qc].
[21] F. Ernst, Black holes in a magnetic universe, J. Math. Phys. 17 (1976) 54, http://dx.doi.org/10.1063/1.522781.
[22] S. Gao, R.M. Wald, The ‘Physical process’ version of the ﬁrst law and the generalized second law for charged and rotating black holes, Phys. Rev. D 64 (2001) 084020, 
arXiv:gr-qc/0106071.
[23] K. Dutta, S. Ray, J. Traschen, Boost mass and the mechanics of accelerated black holes, Class. Quantum Gravity 23 (2006) 335, arXiv:hep-th/0508041.
[24] M. Appels, R. Gregory, D. Kubiznak, Thermodynamics of accelerating black holes, arXiv:1604.08812 [hep-th].
[25] M. Henneaux, C. Teitelboim, Asymptotically anti-De Sitter spaces, Commun. Math. Phys. 98 (1985) 391, http://dx.doi.org/10.1007/BF01205790.
[26] G.W. Gibbons, Y. Pang, C.N. Pope, Thermodynamics of magnetized Kerr–Newman black holes, Phys. Rev. D 89 (4) (2014) 044029, arXiv:1310.3286 [hep-th].
[27] M. Astorino, Thermodynamics of regular accelerating black holes, UAI-PHY-16/08, to appear soon.
[28] H.K. Kunduri, J. Lucietti, Uniqueness of near-horizon geometries of rotating extremal AdS(4) black holes, Class. Quantum Gravity 26 (2009) 055019, arXiv:0812.1576 
[hep-th].
[29] M. Astorino, Charging axisymmetric space-times with cosmological constant, J. High Energy Phys. 1206 (2012) 086, arXiv:1205.6998 [gr-qc].
[30] F. Ernst, Removal of the nodal singularity of the C-metric, J. Math. Phys. 17 (1976) 515, http://dx.doi.org/10.1063/1.522935.
[31] M.A. Melvin, Pure magnetic and electric geons, Phys. Lett. 8 (1964) 65, http://dx.doi.org/10.1016/0031-9163(64)90801-7.
[32] G.W. Gibbons, Quantized ﬂux tubes in Einstein–Maxwell theory and noncompact internal spaces, in: Fields and Geometry, Proceedings, Karpacz, 1986, pp. 597–615, and 
preprint – G.W. Gibbons, (rec. Apr. 86), 22 pp.
[33] D. Garﬁnkle, S.B. Giddings, A. Strominger, Phys. Rev. D 49 (1994) 958, arXiv:gr-qc/9306023.
[34] S.W. Hawking, G.T. Horowitz, S.F. Ross, Entropy, area, and black hole pairs, Phys. Rev. D 51 (1995) 4302, arXiv:gr-qc/9409013.
[35] M. Astorino, Pair creation of rotating black holes, Phys. Rev. D 89 (4) (2014) 044022, arXiv:1312.1723 [gr-qc].
[36] A.N. Aliev, D.V. Galtsov, Magnetized black holes, Sov. Phys. Usp. 32 (1989) 75, http://dx.doi.org/10.1070/PU1989v032n01ABEH002677.
[37] D. Bini, C. Cherubini, A. Geralico, Massless ﬁeld perturbations of the spinning C metric, J. Math. Phys. 49 (2008) 062502, arXiv:1408.4593 [gr-qc].
